Introduction: Obesity and excess weight gain in adults are linked to an increased risk of cardiometabolic abnormalities. The changing lifestyle experienced by the Orang Asli predisposes the population to the risk of obesity and non-communicable diseases. This study aimed to describe the prevalence of overweight and obesity as well as body-weight change over a period of four years among Orang Asli adults. Methods: Data were collected from Orang Asli adults aged ≥18 years, who were enrolled in the 2011-2012 and 2015-2016 surveys, and who were residing within the Krau Wildlife Reserve. Weight and height of the adults (N2011-2012=828; N2015-2016=662) were measured at both time points. Follow-up data were available for 378 adults (male:113; female:265). Results: The prevalence of overweight and obesity were 18.8% and 7.4% in 2011-2012 and 26.1% and 9.5% in 2015-2016. In the follow-up group, significant differences in body weight and body mass index (BMI) were observed in men and women, respectively. More than one-third (35.5%) of the adults had weight gain of more than 5.0%. The increasing percentage of body weight change was associated with being female, younger age, more years of schooling and reduced household income. Conclusion: Obesity is a growing health problem in the Orang Asli adult population. Weight gain was associated with socioeconomic indicators and it was more prominent in women. Effective strategies are needed to address the increasing prevalence of overweight and obesity in this population to further reduce adverse health outcomes.
INTRODUCTION
The global age-standardised mean body mass index (BMI) increased between 1975 and 2014 in both men (from 21.7 to 24.2) and women (from 22.1 to 24.4) (NCD-RisC, 2016) . Over these four decades, the age-standardised prevalence of obesity increased from 3.2% to 10.8% in men and from 6.4% to 14.9% in women. Meanwhile, agestandardised global prevalence of underweight decreased from 13.8% to 8.8% in men and from 14.6% to 9.7% in women. Obesity is a global health problem. Likewise, the 2015 Global Burden of Disease study (GBD 2015 Obesity Collaborators, 2017 reported a rapid rise in the prevalence and disease burden of elevated BMI.
Weight gain had a negative impact on cardiometabolic risk factors in metabolically healthy (MH) adults, irrespective of their weight status (Cui et al., 2015) . It is associated with increased systolic and diastolic blood pressure, triglycerides and blood glucose in both obese and normal weight adults. A cohort study showed that MH obese and normal weight adults with weight gain of ≥10.0% and ≥15.0% of body weight, respectively, were more likely to have developed metabolic complications compared to those who did not gain weight (Espinosa De Ycaza, Donegan & Jensen, 2018) .
Previous studies have highlighted the double burden of malnutrition in Orang Asli population (Wong et al., 2015; Geik, Sedek & Awang, 2016; Siti Fatihah et al., 2018) . Although undernutrition is still prevalent in children, overweight and obesity are increasing in adults. Similar to the non-indigenous population in Malaysia, the changing disease patterns are towards non-communicable diseases in the adult Orang Asli population (Phipps et al., 2015; Chua et al., 2017) . This may reflect the changes in body weight status driven by changes in their dietary and lifestyle behaviours.
Monitoring the change in body weight of indigenous peoples, particularly adults, is a challenge as the population is often mobile and difficult-to-reach. This study aimed to assess body weight status of Orang Asli adults, specifically their BMI and change in body weight, over a period of four years. The associations between percentage change in body weight and socioeconomic variables were also examined.
MATERIALS AND METHODS
During the period 2011-2012, a survey was conducted among Orang Asli of the Jah Hut sub-tribe who were living seven villages within the Krau Wildlife Reserve in Peninsular Malaysia. Out of 467 households within the study location, 465 households were visited and 1368 adults aged ≥18 years were identified based on interviews with household heads. Among these adults, 34 pregnant women and 12 bedridden adults were excluded from the study. A total of 914 adults were located and approached but only 828 adults gave consent to participate. All the eligible adults were measured for weight and height and interviewed on a range of sociodemographic characteristics.
In 2015-2016, another survey was conducted in the same seven Orang Asli villages and 446 out of 458 households were visited. Based on household interviews, there were 1,596 adults aged ≥18 years who were available within the study location. A total of 32 adults, comprising 18 pregnant women and 14 bedridden adults, were excluded from the study. Out of 1,564 adults, 986 were identified and invited to participate in the study. Of the 662 adults who agreed to participate and completed the interview and anthropometric measurements, 378 adults were identified as the cohort of 2011-2012 survey and 284 adults were newly recruited participants. Reasons for attrition included refusal, death of respondents and households that had moved from the location.
The BMI of each participant was derived from weight and height measurements. In the follow-up group, the change in body weight (kg) and percentage (%) body weight change were calculated. The latter was categorised into five groups: (i) weight loss (weight loss >5.0%), (ii) stable weight (weight loss or gain ≤5.0%), (iii) slight weight gain (weight gain >5.0% and up to 10.0%), (iv) moderate weight gain (weight gain >10.0% and up to 20.0%) and (v) excess weight gain (weight gain >20.0%) (Yiengprugsawan et al., 2017) .
Statistical analyses were performed using IBM SPSS Statistics 21.0 (IBM Corporation, New York, USA). All variables are presented as mean, standard deviation, and frequency. Paired-t test assessed the differences in anthropometric measures of the followup group between the year 2011-2012 and 2015-2016. Pearson's correlation and Chi-square tests were used to assess the associations of continuous and categorical variables, respectively. The level of significance was set at p<0.05.
Ethical approval
The Medical Research Ethics Committee of the Faculty of Medicine and Health Sciences, Universiti Putra Malaysia approved the study protocol. Permission to conduct this study was obtained from the Malaysia Department of Orang Asli Development (JAKOA) and the Department of Wildlife and National Parks of Peninsular Malaysia (PERHILITAN).
RESULTS
More than one-fourth (26.2%) and onethird (35.6%) of Orang Asli adults were either overweight or obese, in 2011-2012 and 2015-2016, respectively (Table 1) . The proportion of overweight and obesity was higher in women than men at each time point. About 10.0% of the study population (11.1% in 2011-2012 and 9.4% in 2015-2016) were underweight. Between 2011-2012 and 2015-2016, the mean body weight (kg) increased slightly for men (from 59.3 to 61.1) and women (from 51.4 to 52.8). Corresponding to these changes, the mean BMI increased from 23.2 to 23.9 in men and from 23.3 to 23.8 in women. The changes in body weight and BMI in both men and women were statistically significant.
All the obese men were found to remain in the same BMI category over the period of four years. Meanwhile, changes across the BMI distribution were revealed among 25.7% of the follow-up group, where 18% of them had an increase in BMI that shifted them to a higher BMI category and the other 7.7% adults moved to a lower BMI category due to weight loss. There were 10.1% and 4.7% adults who developed overweight and obesity between the 2011-2012 and 2015-2016 surveys, respectively. The 4-year-incidence of overweight was higher in men, whereas women had a higher incidence of obesity.
About 50.0% of the adults in the follow-up group maintained a stable weight (weight loss or gain ≤5.0%), while 14.5% of adults lost >5.0% of their baseline weight, and 35.5% had a weight gain of >5.0% (Table 2) . Weight gain was more apparent in women, adults in younger age group, those with higher educational attainment and reduced household income. The proportion of individuals with weight gain of >5.0% in women, adults aged 18-28 years old and adults with secondary/tertiary education were 38.1%, 48.8% and 45.2%, respectively. Across the baseline BMI categories, the proportion of adults with weight gain of >5.0% was highest in the category of normal weight, followed by those who were overweight.
DISCUSSION
The present study found that overweight and obesity are important health problems prevalent among the Orang Asli adults living in this forest reserve area, as more than one-third were either overweight or obese. The study also showed that over the period of the follow-up, about 15.0% of these Orang Asli adults developed overweight and obesity. An earlier study of 16-35-yearold multi-ethnic persons in Malaysia showed that the Orang Asli had the highest prevalence of overweight and obesity (Pell et al., 2016) . Our study has shown that the problem of overweight and obesity is growing in the Orang Asli population. It is a health issues that should be addressed. The higher prevalence of overweight (>30.0%) and obesity (20.0%-45.0%) has been observed in other indigenous groups in developed countries (Ng, Corey & Young, 2011; Hopkins et al., 2015; Thurber et al., 2018) and other developing countries such as Brazil (Oliveira et al., 2015) . Indigenous obesity rates vary geographically. The lowest rates of overweight and obesity were found among those living in very remote areas (Australian Institute of Health and Welfare, 2014). This is probably because indigenous peoples living in such areas are more likely to consume traditional foods that are relatively high in nutrients, as reported by previous studies (Ghosh-Jerath et al., 2016; Ferguson et al., 2017) . In Peninsular Malaysia, the proportion of Orang Asli living in urban areas has increased. The average percentage of Orang Asli in the urban areas has increased from 1.6% in 1970 to >10.0% since year 2000 (Tuan Pah Rokiah, Devamany & Asan, 2017). It is unclear whether the change in living environment (e.g. lack of access to forest and close proximity to markets) has led to a decrease in traditional food intake. Assessing the dependency on traditional and market foods over time of Orang Asli living in different locations may help to explain the change in overweight and obesity prevalence in this population.
The present study did not examine the impact of environmental factors on weight gain. However, the findings of this study indicated that sociodemographic factors may influence weight gain through their effects on energy intake and energy expenditure. Previous studies have indicated that adults from the lower socioeconomic strata had an increased risk of weight gain (Loman et al., 2013; Bhurosy & Jeewon, 2014; Herzog et al., 2016) . Findings of this study showed that income was negatively associated with weight gain among Orang Asli adults living in similar neighbourhoods. A majority of Orang Asli adults in this reserve area were rubber tappers (data not shown). Rather than the reliance on subsistence farming, they were more likely to purchase food from the market. Hence, income could greatly determine the food choices of the adults in the present study. When household income decreases and family budget for food shrinks, food choice tends to shift toward cheaper but more energydense foods. It could eventually result in excess calorie intake and weight gain. As shown in this study, Orang Asli adults with lower household income, had a greater percentage of weight gain. An earlier study among Orang Asli women also found that household income was negatively associated with household food security, while household food insecurity was significantly associated with a poorer diet quality and higher BMI (Chong, Geeta & Norhasmah, 2018) .
The present study showed that Orang Asli individuals with higher educational attainment had a greater percentage of weight gain. For individuals with lower education, they are more likely to assume highly demanding physical jobs as compared to their counterparts with higher education. Orang Asli adults, who were with higher education, were less likely to perform labour-intensive work and more likely to have less energy expenditure. Hence, they were at greater risk of weight gain. This study showed that younger aged Orang Asli had a greater weight gain, where about one-fourth of adults in the youngest cohort gained >10.0% of weight in a period of four years. It was found that younger aged Orang Asli adults had a lower physical activity as compared to those with older age (data not shown). For example, active transport such as walking was lower among the younger Orang Asli adults. It has been reported that BMI increases sharply during the transition from adolescence to young adulthood (Lee et al., 2011) and weight gain during early to middle adulthood was significantly associated with an increased risk of chronic diseases (Zheng et al., 2017) . To reduce the cost and disease burden associated with obesity, the prevention of overweight obesity in young adults should be prioritized (Dietz, 2017) .
This study had some limitations. Some of the Orang Asli adults were highly mobile and efforts were made to address the problem. These included repeated household visits to track the participants as well as working with the community to explore how participants are commonly identified. Another limitation was that there are socioeconomic status indicators identified in the literature such as social class and wealth/assets that were not included in the present study. As with any kind of the selfreported data such as that on income, there is a risk of recall bias.
Despite these limitations, the strength of this study is the reporting of overweight and obesity prevalence at different time points and the changes in weight and BMI among Orang Asli adults over time. It is useful to increase the pool of available health-related information in Orang Asli population and to draw a greater attention to the increased risk of overweight and obesity in this population and its known attendant health risks.
CONCLUSION
This is one of the few studies that has reported the rising prevalence of overweight and obesity as well as the change in body weight in Orang Asli adults. Future studies that investigate the associations between the change in body weight and adverse health effects in Orang Asli population are warranted.
Health programmes on the prevention of excess weight gain, particular in younger and normal weight adults who appear to have greater weight gain, are needed. Furthermore, overweight and obese Orang Asli adults should also be monitored closely for the risk factors of chronic diseases and their complications.
